The content of calcium (Ca) and magnesium (Mg) in sweat during exercise is considerably higher during a relatively low intake of sodium (Na) of 100mmol/d than with an intake of 170 mmol/d. For this reason and also because Ca and Mg have a negative bal ance with a Na intake of 100 mmol/d, we analyzed the relationship between Na intake and balances of Ca and Mg in data from 11 balance studies. From 1986 to 2000, 109 volunteers (23 males, 86 females) with an age range of 18 to 28 y took part in mineral balance studies. The balance periods ranged from 5 to 12 d. In a given experiment, the diet of each subject contained the same quantity of food, although this varied between experiments, and was supplied during the balance period without consideration of body weight. In the data of all the studies (n=109), the balances of Ca and Mg did not correlate positively with Na intake. However, when the data of the highest Na study were excluded, the balances of Ca and Mg correlated positively with Na Intake. The mean value for the regression equation between Na intake and Ca and Mg balances when the respective balance was equal to zero were, 63.308 mg Na/kg BW/d (Ca: n=96, r2=0.134) and 60.977 mg Na/kg BW/d (Mg: n=96, r2=0.268), respectively. These values are considerably higher than Na requirements esti mated by inevitable Na loss. Low dietary Na may therefore be a risk factor for maintaining positive balances of Ca and Mg.
In our previous study (1) , we demonstrated unex pected results in the sodium (Na), calcium (Ca), and magnesium (Mg) content of arm sweat of young Japa nese females during relatively heavy bicycle ergometer exercise (1.5kp, 50 rpm, 66min, twice a day), This exercise was undertaken during a period in which the study participants were consuming a relatively low mineral diet containing dietary Na of 100 mmol/d (or sodium chloride 6g/d). The Na content was lower and Ca and Mg content markedly higher in the sweat during this experiment compared to identical experiments in which dietary Na intake was 170 mmol/d (or sodium chloride 10g/d) (2) .
Although no reasonable hypothesis has yet been made to explain these results, one assumption has been proposed (3) . With regard to nutritional aspects, these three minerals are all stored in bone (4) , and therefore when any of these minerals reaches a critically low level in the body it is eluted from the bone, thereby compen sating for any shortage. The mechanism of elution of these minerals from the bone has been shown to occur through non-mineral selective osteolysis by macro phages (5) . If such a mechanism occurs during Na re striction, it is possible that excess Ca and Mg may also be eluted in association with Na and enter the blood stream, leading to an inevitable reduction in intestinal absorption and increase in urine excretion of these min erals, Recently, we reported evidence of such changes with a negative balance of Ca and Mg occurring under relatively low Na intake (ca. 100 mmol/d) in humans (6) . With the assumption that there is a correlation between Na intake and the balances of Ca and Mg, it may be suggested that Na intake will be a factor that may have major effects on the metabolism of these min erals. If this is the case, two estimations of the average E-mail: nisimuta@nih.go.jp requirements of Na may be used for calculating the regression equations of Na intake and balances of Ca and Mg. The present study involved further analysis of the data of balance studies conducted in our laboratory to investigate these relationships.
SUBJECTS AND METHODS
The data analysed are the same as those reported previously (6) (7) (8) (9) (10) (11) (12) (13) . From 1986 to 2000, 109 volunteers (23 males, 86 females), age ranging from 18 to 28 y, took part in 11 mineral balance studies after having provided written, informed consent. The ethics commit tee, established by the National Institute of Health and Nutrition in 1990, approved the studies, which were carried out in a metabolic unit. The clinical details of the subjects, duration of the balance studies, calculated daily intakes of energy, protein and fat, and measured dietary intakes of minerals (Na, K, Ca and Mg) are shown in Table 1 .
The balance periods ranged from 5 to 12 d, with adaptation periods of 2-4 d. In a given experiment, the diet of each subject contained the same quantity of food, although this varied between experiments and was supplied during the balance period without consid eration of body weight. However, small changes to the diet were carried out during the adaptation period in order to ensure that all the food supplied had been con sumed.
The subjects ingested an indigestible fecal marker (Carmine 0.3g: Merck KGaA, Germany) just before breakfast in the morning, at the beginning and end of the balance period.
In one study (No. 4, Table 1 ), magnesium oxide (180 mg as Mg) Was added to the low Mg diet, which had no adverse or favourable effects on balance of Mg (9) . In six studies (Nos. 1-3, 8-10, n=49, Table 1 ), sweat from the arm was collected during exercise on a bicycle ergo meter in order to estimate loss of the elements from sweating. The foodstuffs used in each study were selected from those commercially available, with the dietary menus designed by a registered dietician so that they met the dietary allowances in Japan (14) , with the exception of the low calcium studies (Nos. 6 and 7, Table 1 ) in which food composition tables were used (15) . The minerals present in the diet [Na, potassium (K), Ca and Mg], feces, urine and sweat (Na, Ca, Mg) were measured by the use of an atomic absorption spec trophotometer (Varian AA 5, Australia). Details of these methods have been described previously (6, 11, 13) . Statistical analyses were carried out using Stat -View-J 5.0.
The indicators used in this paper are defined as fol lows: 
RESULTS
The results of the study in which Na intake was the highest of all the studies (Na intake 6.87g/d, ca. 300 mmol/d) showed an apparent positive Na balance (7) . In contrast, the results from the study in which Na Table 1 .
Subjects and dietary intake of energy and minerals.
Energy, protein and fat are calculated values, while minerals are measured ones. * Mg (180mg/d) was added to the diet as magnesium oxide (Mg0) . $ Low calcium study . # Mineral lost during exercise was estimated (n=49) . Relationship between Na intake and indicators of Ca and Mg metabolism In the data with the highest Na study excluded (n=96), there was no correlation between Na intake and intake or urine of Ca, whereas significant correla tions existed between Na intake and AA and AA (%) of Ca. The same data showed a correlation between Na intake and intake and AA of Mg but not with AA (%) or urine of Mg. Analysis of the data with the highest and lowest Na studies excluded (n=90) showed that all four indicators for both Ca and Mg with the exception of AAs (%) correlated positively with Na intake (Figs, 1 to  3) . Estimated average requirement (EAR) of Na calculated from the relationships between Na intake and Ca and Mg balances No significant correlation between Na intake and either Ca or Mg balance was found in the analysis of the data from all 11 studies (n=109). However, the degree of correlation became significant when the data of the highest Na intake study was excluded (n=96 and Fig. 2 . Relations between Na intake and metabolic indicators (intake, apparent absorption, urine and balance) of Mg in Japanese young adults (n=96 or 90). Data of the highest Na intake study (No. 11 Table 1 ) were omitted in these figures. Data of the lowest Na intake study are shown as open circles. Regression lines were obtained without the lowest Na intake study (n=90), Fig. 3 . Relations between apparent absorptions (%) (AA%) of Ca and Mg and intakes of Na and respective elements in Jap anese young adults (n=96 or 90). Data of the highest Na intake study (No. 11, Table 1 ) were omitted in these figures. Data of the lowest Na intake study are shown as open circles when compared with Na intake and shown as closed circles when compared with the intakes of the respective minerals. Regression lines between Na intake and AAs (%) were obtained with 90 data while those between the intakes and AAs (%) of the respective minerals were from 96 data. Na intake is positively correlated to AA% of Ca when the data of the lowest Na study are included in the analysis. Ca intake is not correlated to its AA%. AA% of Mg is not correlated to Na intake but to Mg intake. n=90) as shown in Figs. 1 
DISCUSSION
This study on mineral balance data of 109 subjects is the first report on the relationship between dietary Na intake and Ca and Mg balances in young Japanese adults.
Positive correlation between Na intake and Ca and Mg bal ances Several studies have reported that high intake of Na increases not only urinary Na but also urinary Ca excretion (16) . However, these data did not take into account the changes in apparent absorption of Ca caused by the increase in Na intake. As a consequence of this omission high Na intake was regarded as a factor in the loss of body Ca. In contrast, the present study demonstrated positive correlations between Na intake and Ca and Mg balances within limited ranges of Na intake. This indicates that low Na intake decreases the absorption of both Ca and Mg, leading to a reduction in the urine excretions of both minerals. This effect was not apparent in our study of the lowest Na intake with this data showing increases in urine excretion of Ca and Mg despite apparent absorption of these minerals being decreased (6) . When Na status reaches a critically low level in the body, Na is eluted from the bone in order to compensate for any shortage. Under these conditions Ca and Mg may also be eluted from bone leading to an increase in urine excretion of both minerals.
As there was a strong correlation between apparent absorption and urinary excretion of both Ca and Mg (11) , low dietary Na intake may therefore be a risk fac tor for maintaining positive balances of Ca and Mg.
In a previous study we found that Naaaa intake corre lated positively with Na balance only when the data of the study with the highest Na intake was included in the analysis (13) . Na intake of 300 mmol/d may be excessive and require an alternative mechanism for excretion of Na into the urine. The estimated average requirement (EAR) of Na can be determined based on the relationship between Na intake and Ca and Mg bal ances, as within the range where Na intake is not corre lated with Na balance, Na intake is correlated positively with both Ca and Mg balances. Estimated average requirement of Na
The mean values for the regression equation between Na intake and Ca and Mg balances when the respective balance was equal to zero were, 64.861mg Na/kg Bw/ d (Ca:n=9O, r2=0.047), 63.308mg Na/kg Bw/d (Ca: n=96, r2=0.134), 62.766mg Na/kg Bw/d (Mg:n= 90, r2=0.199) and 60.977mg Na/kg Bw/d (Mg:n= 96, r2=0.268), respectively, These values are equiva lent to the estimated average requirements (EARS) of Na.
In a previous analysis we reported a significant corre lation between Na intake and Na balance in the data of all 11 studies (n=109). The mean value and upper and lower limits of the 95% confidence interval for the regression equation between intake and balance for Na, when Na balance was equal to zero, were 55.824, 60.787 and 50.862mg Na/kg Bw/d, respectively (r2= 0.361) (13) . These values are considerably higher than the Na requirement estimated by inevitable Na loss (16) . However, this correlation was not significant when the data of the highest Na intake study was excluded (n=96 and n=90) (13) . Thus, the EAR of Na, as the value for maintaining a positive Na balance should not be considered as the definitive value.
In this study, there was a positive correlation between Na intake and the balances of both Ca and Mg when the data of the highest Na intake study was excluded (n=96 and n=90). The EARS calculated in the present study are higher than those obtained in our Na study (13) . However, the data used in this analysis showed there was no correlation between Na intake and Na balance.
If 
